Reducing body temperature of rodents has been found to improve their survival to ischaemia, hypoxia, chemical toxicants, and many other types of insults. Larger species, including humans, may also benefit from a lower body temperature when recovering from CNS ischaemia and other traumatic insults. Rodents subjected to these insults undergo a regulated hypothermic response (that is, decrease in set point temperature) characterised by preference for cooler ambient temperatures, peripheral vasodilatation, and reduced metabolic rate. However, forced hypothermia (that is, body temperature forced below set point) is the only method used in the study and treatment of human pathological insults. The therapeutic eYcacy of the hypothermic treatment is likely to be influenced by the nature of the reduction in body temperature (that is, forced versus regulated). Homeostatic mechanisms counter forced reductions in body temperature resulting in physiological stress and decreased eYcacy of the hypothermic treatment. On the other hand, regulated hypothermia would seem to be the best means of achieving a therapeutic benefit because thermal homeostatic systems mediate a controlled reduction in core temperature. (Emerg Med J 2001;18:81-89) 
There has been a resurgence in the use of hypothermia as a means of reducing or blocking the pathological damage resulting from traumatic brain injury, ischaemia in the CNS, and insults to other organs. [1] [2] [3] [4] [5] [6] Although the mechanisms of action of hypothermic protection are not entirely understood, it seems clear that a lower temperature protects tissues deprived of oxygen by slowing the rate of cellular damage that occurs from formation of free radicals, chemical metabolites, and tissue oedema. In addition to protection from ischaemic damage, hypothermia has been shown to ameliorate the toxicity of various drugs and environmental toxicants as well as protect from other insults such as haemorrhage, hypergravity, and hypoglycaemia. 7 A major problem with using hypothermia as a treatment is that body temperature is forced below the normal level dictated by the set point temperature. This will result in a myriad of physiological responses that would counter the therapeutic benefits of the hypothermic treatment. The thermoregulatory system of homeotherms (that is, most birds and mammals) responds quickly to a reduction in internal temperature with vigorous heat gain and conserving responses to counter the loss in body heat. This not only reduces the eYcacy of the methods used to induce hypothermia but, more importantly, creates undue physiological and psychological stress and may counter the benefits of the hypothermic treatment.
Regulated or controlled reductions in body temperature via a reduction in the set point seem to be a much better method of achieving a hypothermic state. It seems that the set point temperature of laboratory rodents is reduced when they are subjected to insults such as exposure to toxic chemicals and hypoxia and there is a resulting regulated reduction in body temperature. 7 8 It follows that regulated hypothermia could also be a useful approach to lower body temperature of larger species, including humans, subjected to insults. Of course, there are many problems to overcome when extrapolating the thermoregulatory responses from rodents to humans. The goal of this paper is to propose that regulated rather than forced reductions in body temperature should be considered in the future use and study of therapeutic hypothermic treatment.
Neural mechanisms of thermoregulation
Thermoregulation in mammals and other species is complex, involving many levels of control and interaction with other physiological processes in the central and peripheral nervous systems. For details on the thermoregulatory system, the reader is referred to recent reviews. 7 9 10 To understand the thesis to be presented in this paper, it is necessary to explain the thermoregulatory control processes in terms of a relatively simple, negative feedback loop (fig 1) . This regulatory scheme is widely used by thermal physiologists to explain most thermoregulatory phenomena. The main function of the thermoregulatory system is to maintain a stable temperature of the internal tissues and organs (that is, core). A stable core temperature is achieved while allowing temperature of the shell (skin and peripheral tissues) to vary with that of the ambient temperature (T a ). The preoptic area and anterior hypothalamus (POAH) is considered a key site for integration and central processing of thermoregulatory signals (fig 1) . Warm and cold thermoreceptors in the skin and core convey temperature information to the POAH and other sites in the CNS. A set point or reference temperature, thought to be generated by a network of warm, cold, and thermal insensitive neurons in the POAH, 10 11 is compared with feedback from the thermoreceptors in the skin and core. An error signal that is proportional to the diVerence between the set point and feedback signal is generated. The error signal activates the appropriate thermoeVector pathways that control heat production and heat loss. The scheme of negative feedback, proportional control explains how the thermoregulatory system achieves a balance between heat production and heat loss resulting in a stable core temperature.
The concept of single set point temperature is extremely useful for explaining many thermoregulatory phenomena in homeothermic and poikilothermic species. Thermal physiologists define set point as "The value of the regulated variable found in the condition when external or internal interferences tending to alter the regulated variable, and the resulting eVector activities tending to counteract these alterations, are both minimal". 12 In other words, if an organism uses its thermoeVectors to maintain core temperature at 37.5°C then it is assumed that its set point or reference temperature is set at 37.5°C. The circadian rhythm of core temperature is thought to reflect a 24 hour oscillation in the set point temperature. The concept of the set point temperature is generally accepted by thermal physiologists. However, it should be noted that the existence and operation of a set point temperature is questioned by some researchers. 9 13 That is, the engineering analogy of a set point can be misleading in the interpretation of some complex thermoregulatory responses. None the less, the set point concept is useful to explain many of the thermoregulatory processes in the discussion that follows.
Whether or not set point has changed when body temperature changes in response to an environmental or chemical challenge has been the focus of many studies. 7 9 14 The set point theory is based on the premise that the thermoregulatory system operates continuously to maintain core temperature (T c ) equal to set point temperature (T set ) (table 1) . Under baseline conditions, T set is equal to T c and there is a balance between activation of heat gain and heat loss thermoeVectors. A change in T set leads to marked changes in the thermoregulatory response. Fever from infection is the corner stone of a set point increase 15 and is also termed regulated hyperthermia. 7 8 During infection, cytokines released into the circulation activate thermoregulatory neurons in the POAH causing an abrupt increase in T set . When T set >T c , there is an activation of thermoeVectors to increase heat production (for example, shivering and non-shivering thermogenesis) and reduce heat loss (for example, peripheral vasoconstriction; seeking warm environment) that eventually leads to an equalling of T set and T c but at an increased body temperature. On the other hand, during forced hyperthermia, T c increases above T set as would occur by exposure to high ambient temperatures. There is an activation of thermoeVectors to reduce heat gain and increase heat loss to lower body temperature. Forced hypothermia refers to the state when T c is forced below T set , as would occur during acute cold exposure or treatment with drugs that impair thermogenesis. The organism responds with an activation of thermoeVectors to reduce heat loss and increase heat gain. 7 8 Regulated hypothermia is the least understood of the thermoregulatory responses. It occurs when internal and/or external factors reduce T set below T c . The organism responds by activating thermoeVectors to increase heat loss and reduce heat production. These responses persist until T c is equal to T set but at a lower body temperature. Anapyrexia, a term to describe the recovery of body temperature from a febrile state, is also considered a form of regulated hypothermia. To sum up the hypothermic responses, a reduction in set point mediates a controlled reduction in body temperature where behavioural and autonomic thermoeVectors participate to dissipate body heat and achieve a hypothermic body temperature. Any attempt of forced hypothermia in a homeotherm is met by a vigorous response of thermoeVectors to increase heat production and reduce heat loss to prevent body temperature from falling.
Therapeutic benefits of hypothermia
Depending on the species of mammal, a stable core temperature of 36 to 39°C is maintained throughout most of its life. A stable core temperature is equated with optimal health. Any prolonged deviation in the normal core temperature is generally considered to be a sign of disease or other pathological condition. On the other hand, it is well known that moderate reductions in body temperature improve the ability of rodents and other laboratory mammals to survive a variety of pathological insults (table 2) . Research has focused on the mechanisms by which reduced temperature improves the recovery to insult. In addition, there has been a resurgence in determining how the thermoregulatory system responds when the animal is subjected to various insults. Hypothermia improves survival to many insults; however, for sake of space, this paper will focus on just two well studied insults: hypoxia/ ischaemia and chemical/drug toxicity.
HYPOXIC/ISCHAEMIC INSULT
There has been renewed interest to utilise hypothermia as means to protect the brain, heart, and other organs when subjected to hypoxia and/or ischaemia. It has been known for decades that rodents subjected to hypoxia become hypothermic and the hypothermic state prolongs survival in the hypoxic environment. For example, mice subjected to acute hypoxia by exposure to simulated altitudes had a lethal altitude ceiling of 30 000 ft at an ambient temperature of 34°C; lowering ambient temperature to 16°C led to an increase in the lethal altitude ceiling to 48 000 ft. 16 During hypoxia, mice maintained a normal body temperature at a T a of 34°C but became hypothermic at the cooler T a temperatures. Hence, by becoming hypothermic in the cool environment, the mouse's survival time to hypoxia was markedly improved.
During parturition, newborns face the potential danger of becoming hypoxic to the point of causing irreversible damage to the CNS. Hence, there has been considerable interest to determine how hypothermia can be utilised to protect newborn animals subjected to hypoxia. Inducing a forced reduction in body temperature in neonates imparts marked protection to the CNS during hypoxia. [17] [18] [19] In addition to improved survival, it seems that a reduction in body temperature will protect the adult and neonatal mammal from the general pathological eVects of hypoxia and hypoxemia. It is important to note that newborn altricial rodents (for example, rat, mouse, and hamster) are essentially poikilothermic and likely to become hypothermic following parturition into a relatively cool environments (that is, standard room T a ). It is well known that neonatal animals have a much higher tolerance to hypoxia than adults. 20 This higher tolerance to hypoxia may be attributed in part to the neonate's small size and greater thermal lability compared with adults.
Using the rat, mouse, and gerbil as key experimental species, it has been found that a moderate reduction in brain temperature of >2°C aVords marked protection to the CNS when subjected to acute ischaemia. 1 2 15 The neuroprotective eVect of glutamate antagonists such as MK-801 in mouse and gerbil have been found to be a result of the drug's ability to lower body temperature. 21 22 The eYcacy of drugs with supposed anti-hypoxic properties such as adenosine, diazepam, and pentobarbital were found to be associated with their ability to induce hypothermia in mice rather than having any specific protective eVects. 23 While lowering brain temperature provides additional protection to ischaemia, it seems that hyperthermic temperatures worsen the outcome from brain ischaemia. 2 This finding should be a major concern in the treatment of many brain injuries because of the common occurrence of fever in patients with stroke. 24 25 Stroke patients with fevers are considered to be at greater risk to permanent neuronal injury compared with afebrile patients with a stroke. 26 Indeed, Ginsberg and Busto 27 recommended that "...fever be combated assiduously in acute stroke and trauma patients...".
Ischaemic injury in other aerobic organs including heart and kidney are also attenuated by reductions in temperature. Reducing temperature down to 31-35°C provides increased protection to the ischaemic kidney. 28 Hyperthermic core temperatures (about 39°C) augment the damage resulting from renal ischaemia. 29 The ischaemic heart has been found to be very sensitive to the temperature of the perfusate. A 3 to 4°C reduction in the reperfusate of an ischaemic heart will attenuate many symptoms of myocardial dysfunction. 30 Ischaemia-reperfusion injury is the lung is also attenuated with 6-8°C reduction in temperature. 31 
TOXIC CHEMICAL INSULT
The in vitro and in vivo toxicity of many environmental toxicants and drugs is directly proportional to temperature. 7 8 32 33 For example, the LD 50 dose of chemicals such as ethanol, heavy metals, methylmercury, pesticides, and others is generally reduced as the ambient temperature is increased from the standard room temperature (22°C) to temperatures equal to or exceeding the species' thermoneutral zone. 8 These chemicals induce hypothermia at doses approaching the LD 50 ; however, when ambient temperature is increased to thermoneutrality, the hypothermic eVects abate and the toxicity of the chemical increases. 7 8 Biological endpoints of toxicity other than lethality are also aVected by ambient and body temperature in a manner similar to lethality. For example, rates of tumour formation, 34 tissue accumulation of methylmercury, 35 visual dysfunction, 36 and cardiovascular function 37 38 have been shown to increase with rises in body and/or ambient temperature in rodents administered toxic doses of drugs and chemicals.
From 1900 to 1940 there was considerable eVort to study the eVects of body temperature on drug toxicity using poikilothermic and homeothermic species (reviewed by Furhman 33 ). The lethal dose of agents such as digitalis, insulin, tetanus toxin, oxygen at high pressure, and procaine were consistently reduced in species that were maintained in warm environments. The in vitro toxicity of most chemicals also increases with temperature. 39 This synergy between temperature and chemical cytotoxicity has proved to be valuable in the development of more eVective chemotherapeutic agents. . That a reduced temperature will slow the rate of cellular damage regardless of the type of insult is the simplest explanation. The Q 10 is a useful way of explaining how temperature aVects metabolic processes and is defined as the factor by which the rate of a biochemical reaction is increased for a 10°C rise in temperature. 41 Generally, most biological processes fall into a Q 10 range of approximately 2.5. This means that a 1°C reduction in temperature will lead to a 9.6% reduction in the rate of cellular respiration, oxygen demand, carbon dioxide production, etc. For example, a reduced demand for oxygen during hypothermia is especially critical in highly aerobic organs such as the brain and heart subjected to ischaemia. Reduced temperature slows the rate of lipid peroxidation 42 and protects ischaemic cell membranes by stabilising potassium efflux. 43 When considering the protective eVects of hypothermia on chemical toxicity, there is a reciprocal relation between the magnitude of the toxic eVect and the duration by which the drug or chemical will remain in the organism. It seems that the deactivation and excretion of a toxicant will increase with body temperature but the toxicity of the chemical will decrease with a reduction in body temperature. 8 32 Ethanol serves as an ideal example of the trade oV between toxicity and metabolism of a chemical as a function of body temperature. Mice dosed acutely with ethanol become hypothermic, a response that enhances their survival. 44 The hypothermic state depresses metabolism and slows the rate of detoxification of ethanol resulting in higher circulating levels of ethanol lasting for longer periods of time. 45 When body temperature is normal, the ethanol is cleared faster but the mice have a reduced survival.
Natural forms of regulated hypothermia
It is clear that a variety of insults cause marked reductions in body temperature of rodents. In view of the correlation between hypothermia and increased survival to the insults, it is reasonable to postulate that the hypothermic response to the insults is adaptive and likely to be regulated. This laboratory and others used behavioural thermoregulation as a means of understanding whether or not rodents subjected to insults underwent forced or regulated reduction in body temperature. It was found that mice and rats allowed to behaviourally thermoregulate in a temperature gradient selected cooler ambient temperatures at the same time as body temperature decreased from the insult. 7 8 46 Insults such as acute exposure to metals (for example, nickel, cadmium, selenium, lead) (for review, see Gordon 7 and Gordon et al 8 ) , organophosphate pesticides, 47 54 ethanol, 47 hypoxia, 48 49 endotoxaemia 52 and uraemia 53 were shown to induce a preference for cooler ambient temperatures and reduced body temperature (table 2) . For example, the rat housed in a temperature gradient and exposed to 6.9% oxygen for 6.5 hours quickly developed a hypothermic core temperature from 37 to 34.5°C. The hypothermic response was accompanied with a reduction in the preferred ambient temperature from 30 to 24°C and a 50-75 beat/min increase in heart rate ( fig 2) . Replacing hypoxic air with normoxic air resulted in an increase in selected ambient temperature and rapid recovery to a normothermic core temperatures. The hypoxic atmosphere also causes a transient increase in dry heat loss and reduction in CO 2 production, reflecting peripheral vasodilatation and reduced metabolism during the initial stages of hypoxia. 51 Thus, the hypoxic rat seems to modulate both behavioural and autonomic thermoeVectors to mediated a regulated reduction in body temperature and could maintain this hypothermic state for at least six hours of hypoxia. This laboratory has also shown that rats exposed to organophosphate pesticides will maintain a similar state of regulated hypothermia for at least four hours. 47 54 In general, rodents subjected to hypoxic and toxic chemical insults never select warm ambient temperatures to prevent a reduction in core temperature. If the insult caused a forced reduction in body temperature, one would expect a preference for warmer ambient temperature. Because animals exposed to the insults selected cooler ambient temperatures and maintained a hypothermic state, it is concluded that the set point for control of body temperature is reduced after exposure to the insult. There is little evidence that humans exhibit these thermoregulatory responses. This is most probably attributed to diVerences in body mass as well as other physiological diVerences (see later).
Regulated versus forced hypothermia: consequences to pathophysiology
Pathophysiologists must be aware that rodents subjected to a variety of insults undergo regulated and not forced hypothermia. This should have a tremendous impact on the design of a multitude of physiological, toxicological, and pharmacological studies. To this end, there are three major issues that should be considered: (1) Is forced or regulated hypothermia a better means of studying and possibly treating these pathological insults? (2) Can the benefits of regulated hypothermia observed in laboratory rodents be extrapolated to species such as humans? (3) How can our understanding of regulated hypothermia be used in the design of future studies? These issues are explained below.
BENEFITS OF REGULATED HYPOTHERMIA
Forcing body temperature below its regulated level will evoke diVerent physiological responses compared with a regulated reduction in temperature. The manner in which temperature is reduced will have marked impacts on the animal's health and general physiological state. Forcing body temperature below the set point temperature results in an immediate response to increase heat production and reduce heat loss. The greater the decrease in body temperature, the greater the increase in the error signal in the POAH comparator, resulting in more vigorous thermoeVector responses to increase body temperature (see fig  1) . In addition to the activation of thermoeVectors directly involved to reduce heat loss and increase heat production, other physiological eVects of cold stress would also ensue during forced hypothermia. From a clinical perspective, these physiological responses would be considered undesirable and would complicate a clinical treatment. For example, activation of the thyroid and adrenal systems (for example, increase in circulating corticosteroids), altered immune response, lipid hydrolysis and mobilisation of free fatty acids, alterations in glucoregulation, tachycardia, tachypnea, and altered renal, hepatic, and gastrointestinal function would occur during forced hypothermia. 55 Clinical methods of forced hypothermia are often used in the treatment of malignant hyperthermia and induction of hypothermic states for surgery. 56 Some attempts have been made to use forced hypothermia to treat brain injuries. 57 The procedures of forced hypothermia include ice water immersion, contact with a cold mattress, and lavage of cold fluids. In all cases, the subjects encounter discomfort and activate thermoregulatory responses to raise heat production and reduce heat loss. Cold water immersion often has an undesirable "afterdrop" in core temperature of about 2°C that results from the redistribution of body heat during recovery from the ice water immersion. 58 The methods of forced hypothermia are all likely to impart a stressful response that may be avoided by utilising regulated hypothermia. Reducing the core temperature using conventional methods of forced hypothermia is analogous to slowing an automobile by applying pressure to the brake while continuing to maintain the speed of the automobile by sustaining pressure on the acceleration pedal. The car's speed (that is, body temperature) will decrease slightly but with undesirable consequences of 
Hypoxia Control Hypoxia
Regulated hypothermia and pathological insultsexcessive wear on the engine, transmission, drive train, brakes, etc. Likewise, with forced reductions in body temperature there is increased stress on thermoregulation and other physiological systems. As more body heat is extracted with a normal set point, the thermoregulatory system responds by increasing heat production and reducing heat loss. This response lowers the eYcacy of the method of hypothermic induction. More importantly, the forced hypothermia causes undesirable physiological eVects (described above) as thermoeffectors and other physiological systems are activated to counter the reduced body temperature. In addition, the psychological stress of forced hypothermia would also be profound at this time because the subject, if conscious, would feel extremely cold and experience marked discomfort. 73 Moreover, if the subject were anaesthetised during forced hypothermia, there most probably would be an undesirable exacerbation of the duration and potency of the anaesthetic because of the reduced body temperature (see below).
On the other hand, a completely diVerent physiological picture emerges if body temperature is reduced by a regulated rather than forced mechanism. Depending on the initial body temperature and magnitude of reduction in the set point, the onset of the regulated hypothermic response would be characterised by peripheral vasodilatation, sweating, and suppression of heat gain thermoeVectors. The subject would feel warm during the initial period of regulated hypothermia, which would alleviate the psychological stress of the hypothermic state. Activation of other physiological systems (for example, tachycardia, tachypnea, corticosteroid and epinephrine release) would be expected to be minimal during regulated hypothermia.
INTERSPECIES EXTRAPOLATION OF REGULATED

HYPOTHERMIA
The majority of experimental studies that investigate the potential benefits of hypothermia have been performed in mice, gerbils, and rats. A premise in most of these studies is that the results will eventually be used to improve the understanding of the pathophysiological responses of humans. However, diVerences in thermoregulatory response between rodents and humans subjected to insults hampers the extrapolation process.
It must be emphasised that it is not known if larger species such as humans undergo a regulated hypothermic when subjected to an insult. Rodents have relatively large surface area:body mass ratios and are capable of rapidly lowering body temperature. As body mass increases, the surface area:body mass ratio decreases resulting in greater thermal stability. The relatively few studies suggest that the rate and overall change in body temperature after an insult is far smaller in humans as compared with rodents. 59 60 This inability to reduce body temperature in large species may be a result of their increased thermal inertia. On the other hand, the attenuation in insult induced hypothermia in large species may reflect diVerent physiological strategies. That is, large species may have evolved alternative mechanisms to respond and recover to insults because they are unable to mount a regulated hypothermic response that is characteristic in small mammals. 60 Acceptance and use of hypothermia as a treatment is likely to be limited by concerns of the deleterious eVects of an abnormally low body temperature. Hypothermia induction during surgical anaesthesia 61 and treatment of brain injuries 57 74 is of major concern to the health of the patient. For example, an approximate 2°C decrease in core temperature increases the duration of anaesthetic recovery, causes haemodynamic instability, and depresses cognitive function. 62 Immune function also has been shown to be aVected in patients allowed to become hypothermic during surgical anaesthesia. 63 Prothrombin time is significantly increased with a 3°C reduction in temperature of the blood. 75 
INTERPRETATION OF STUDIES IN HYPOTHERMIC
ANIMALS
In scores of studies on the pathophysiology of insults, researchers will attempt to change the body temperature of the control group to the same level as that of the insulted animal to compare the eVects of a drug or other experimental treatment. However, the body temperature of the control animal will be forced below the set point whereas the temperature of the insulted animal will be regulated below normal. Of course, these are distinct hypothermic conditions and the physiological and pharmacological responses of the animals in forced and regulated hypothermia will diVer markedly. One would expect the eYcacy and sensitivity to various drugs and other agents would be changed depending on whether or not body temperature is forced or regulated below normal.
Future directions: controlling the set point Overall, many view hypothermia as a potential benefit to recovery from insult but others will probably be concerned with the possible deleterious eVects of hypothermia on the subject's health. This conflict may be resolved by distinguishing and understanding the physiology of forced and regulated hypothermia. To this end, I feel that the following issues must be investigated in future research endeavours:
1 Are the mechanisms of hypothermic protection to an insult the same in small and large homeothermic species?
2 Are the CNS thermoregulatory centres of large species (for example, adult humans) wired to evoke a regulated hypothermic response when subjected to insult?
3 Forced hypothermia is commonly used to ameliorate cellular damage from insults such as ischaemia. Would regulated hypothermia be a better means of treating the insult?
4 Most importantly, is it possible to evoke a regulated hypothermia response in humans in the same manner as with smaller species? There was a tremendous amount of work in the 1960s to 1980s on the neurophysiology and neuropharmacology of the set point. 7 9 10 64 65 This wealth of data on the set point should lead to the development of agents to manipulate its control in humans and other species.
How could the set point be modified? A simple neural network illustrates how the set point temperature could theoretically be modified for relatively long periods of time (fig 3) . The set point temperature is considered to be a result of the interaction in activity between warm, cold, and thermal insensitive neurons in the POAH. An agent that shifts the slope and/or intercept of the thermal sensitive neurons will result in a shift in the set point temperature. In this example of a neural network to control sweating (fig 3) , an agent (R x ) has increased the intercept of the warm sensitive neurons. This causes the null temperature of equivalent activity for the warm and cold sensitive neurons to decrease by 2°C. The threshold temperature to increase sweating is thus shifted to a lower temperature. In this state, core temperature is 37°C but sweating is activated as if core temperature were 39°C. Evaporative cooling is elicited and body temperature decreases until the null temperature is reached. The same type of neural network also drives heat producing thermoeffectors. A shift in activity of the warm sensitive neurons leads to a lowering of the threshold for heat gain and heat conservation. The subject group.bmj.com on June 19, 2017 -Published by http://emj.bmj.com/ Downloaded from would feel hot and suppress heat gain/ conservation to allow body temperature to decrease to the new set point.
The challenge for thermal physiology is to ascertain the agent(s) that could evoke the regulated hypothermic response. Considering that a form of regulated hypothermia is rapidly evoked when ever an antipyretic agent is given to a febrile subject, it seems possible that regulated hypothermic responses could also be elicited in afebrile humans. There is a myriad of agents that could be used to lower the set point, including neurotransmitters, hormones, electrolytes, and other agents (for review, see Clark and Lipton 66 and Clark
67
). More recently, there has been a better understanding of how cytokines such as tumour necrosis factor and interleukin 10 may act as cryogens to lower the set point. 68 69 However, we know little on the eYcacy of such agents to modulate the set point without causing adverse eVects on the subject. It is not known how long a reduction in set point temperature could be maintained by a chemical agent without causing harm to the subject. Ideally, a therapeutic benefit of hypothermia would require that the hypothermic state be maintained for several days. The development of transmitters, hormones, or other chemicals to modulate the set point temperature independently of other physiological processes would be invaluable to basic and applied biomedical research.
Conclusion
Reducing body temperature is likely to be beneficial to humans and other species when subjected to CNS ischaemia and possibly other insults such as poisoning. The manner of achieving the reduction in body temperature, whether it is forced or regulated, may have a profound eVect on the therapeutic eYcacy of the hypothermia. Regulated hypothermia would seem to be the best means of achieving a therapeutic benefit of hypothermia. Our understanding of regulated hypothermia in large species such as humans is poorly understood. More research on the mechanisms of thermoregulation with special emphasis on the set point and its control is essential for future use of hypothermia as a therapeutic agent.
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